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Abstract 
 
Feed efficiency is a heritable trait and genetic improvements in feed efficiency could be utilised to 
reduce feed costs. Differences in feed efficiency have been associated with aspects of temperament in 
young growing sheep, the metabolic cost of a stress response could direct energy away from growth or 
maintenance of body tissues, however the mechanisms underlying differences in efficiency are poorly 
understood in adult sheep. Using wether progeny from 15 different sires we hypothesised that more 
docile progeny will be more efficient. Two cohorts of Merino wethers (n = 320) were housed in 
individual pens and fed 100% of maintenance for 35 days before being fed either ad libitum or restricted 
(60% maintenance) for a further 35 days. During the differential feeding period temperament was 
assessed weekly by a subjective measure of avoidance behaviours (chute score and exit score). Feed 
efficiency (residual feed intake and residual liveweight change) was determined by measuring daily 
feed intake and live weight three times per week. There were sire differences for exit score (range 2.6 
to 3.3 out of 5; P<0.05) and for residual liveweight change (range -40g/day to 36g/day; P < 0.05).  There 
was also a moderate association between temperament and feed efficiency (P < 0.05) however wethers 
that had a higher exit score (less docile) gained comparatively more weight than the cohort at the same 
liveweight and feed intake. We conclude that differences in temperament may contribute to the 
observed variation in feed efficiency, however the response was opposite to what we expected for 
reasons unknown.  
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1. General literature review 
 
1.1 Introduction 
The amount of feed that an individual sheep consumes to produce wool and meat represents a 
large proportion of the cost in sheep production systems (de Paula, 2013). This is detrimental 
because the profitability of sheep farming operations in Western Australia is driven by the costs 
of production versus the amount and value of the products sold. The cost is real and recognised 
within all farm modelling systems but has increased relevance and emphasis in farming 
scenarios where feed quantity and quality can be limiting such as on farms in Western Australia 
(Gougoulis et al., 2010). Cockrum et al. (2013) demonstrated the practical and financial benefit 
of more feed efficient sheep using the following hypothetical example; a feed efficient ram that 
consumes 1.2kg/d less feed than an inefficient ram at a hypothetical cost of $0.39/kg/d could 
save >$170/year/ram. 
 
Historically, genetic improvement of sheep has focused on increasing the amount and value of 
the desired product (wool or meat), with comparatively little emphasis on genetic selection of 
traits which would result in cost reduction. The conversion of food energy to product is a trait 
that could be genetically selected for to reduce feed costs per head and therefore cost of 
production (Cantalapiedra-Hijar et al., 2018). Furthermore, whilst most effort globally has 
focused on feed efficiency in growing animals, it is now recognised that feed efficiency in adult 
animals is actually a more important traits as they consume 70-80% of the total feed consumed 
on most farms (Curtis, 2007). The biological mechanisms that underpin differences in feed 
efficiency are complex, and poorly defined in adults (Blumer et al., 2016), but differences in 
temperament may contribute to differences in feed efficiency between sires. 
 
Temperament is reflective of a sheep’s behavioural state and their response to stressful 
environments (Dodd et al., 2012). This is an important trait to investigate as sheep in Australian 
production systems are expected to produce in a difficult environment with a variety of 
stressors that can impact production; inclusive of high temperatures and extended periods of 
feed and water deficits (Amdi et al., 2010). To be able to cope and produce in this challenging 
environment sheep are required to be resilient so as to be able to reduce the compromise to 
their physiological and metabolic systems (Rose et al., 2013). The temperament of a sheep is 
measured as stress and the hormones that are associated with the expression of stress can have 
influence over a sheep’s biological mechanisms (Stratakis and Chrousos, 1995).  
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This review will provide an overview of how feed efficiency is measured, the factors that are 
known to influence feed efficiency, the impact behavioural state has on a sheep and its 
metabolic response and influence as well as an exploration of known genetic relationships of 
both feed efficiency and temperament. 
 
1.2 Feed efficiency 
 
1.2.1. Definition of feed efficiency 
Feed efficiency refers to the process of converting food energy into product and herbivores are 
animals that have evolved to specifically convert plant matter that is of poor quality to human 
consumption into animal products of higher quality (Cantalapiedra-Hijar et al., 2018). As the 
feed passes through the digestive system of the sheep nutrients are absorbed and utilised for 
other processes that contribute to liveweight gain and product growth. There are a multitude of 
factors that influence the ability of nutrients to be absorbed by the body (Meyer et al., 2015), 
some are external to the sheep and can be manipulated by producers to maximise their potential 
and others are internal sheep and are dependent up on that individual sheep’s biological 
function.  The feed efficiency of an animal can vary at the individual level; some animals are 
more efficient and can utilise more of the energy per feeding session than others (Herd and 
Arthur, 2009). Animals that are more efficient are of value to farming systems as it means that 
those animals can be fed less and still grow at the same rate as animals that are less efficient. 
 
1.2.2 Measurement of feed efficiency: Residual Feed Intake 
Residual feed intake (RFI) is a function of liveweight and feed intake that was first explored in 
1963 as an improvement on the use of feed conversion ratio (FCR; Koch et al., 1963). FCR is 
the traditional measure of efficiency however it’s limited as it has significant phenotypic and 
genetic correlations with feed intake and mature size (Crews, 2005). A study by Zhang et al. 
(2017) demonstrated the negative correlation of FCR with average daily gain (ADG) in lamb 
by showing that selecting for FCR over time there is an observed increase in growth rate and 
mature size which results in an increase in maintenance energy costs and therefore feed 
requirements. Using RFI as a measure of feed efficiency has gained popularity due to it being 
independent from liveweight gain and animal size (Cantalapiedra-Hijar et al., 2018). There are 
multiple advantages to using RFI as a measure of feed efficiency; one being that the basis of 
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comparison is against published feeding standards, which is uniform and another advantage is 
that the measure is individualised and therefore irrelevant of feed intake and liveweight gain 
as independent measures (Knott et al., 2008; Cantalapiedra-Hijar et al., 2018). This is 
particularly important as it means that sheep can be compared regardless of their physiological 
state (i.e. can compare pregnant ewes vs lactating ewes vs wethers).  
 
RFI is a measurement of feed efficiency that is independent of performance and based on the 
measure of expected intake and actual intake (Herd & Arthur, 2008); sheep that consume less 
than estimated, based on their physical characteristics, are considered more efficient than sheep 
that consume more than estimated (Cantalapiedra-Hijar et al., 2018). The difference between 
what was eaten and what was expected to be in eaten are residuals from a model containing 
primary effects, such as liveweight and liveweight change (Blumer et al., 2016). Treating 
efficiency as a residual factor enables more accurate comparisons between sheep that are at 
different levels of production as it is a standardised measurement across physiological states 
(Knott et al., 2008). 
  
Residuals are used to identify animals that deviate from their expected level of feed intake. 
Evidence of individual deviation (above and below expected levels of intake) has been 
demonstrated in mice, poultry, pigs and cattle (Herd et al., 2004). There is an increase in 
interest from the cattle industry in breeding their stock to improve efficiency, and due to rising 
feed costs and relative success of using RFI in cattle, there is an increase in interest from the 
sheep industry.  
 
1.2.3. Factors known to influence feed efficiency 
Individual animals have different levels of feed efficiency some are more efficient at utilizing 
their feed than others. The biological basis for the variation seen in RFI is due to systematic 
variation in the efficiency with which nutrients are used for maintenance and growth (Herd et 
al., 2004; Gilbert et al., 2017; Cantalapiedra-Hijar et al., 2018). It is important to understand 
the practical application of what influences feed efficiency in order to understand what 
underlying mechanism can be contributing the residual value of RFI. 
 
Herd et al. (2004) identified five major processes that clarified how the variation in feed 
efficiency can arise and they are as follows; feed intake, feed digestion, body composition and 
metabolism, activity and thermoregulation. These do not represent all processes that can impact 
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the variation and the challenge is to understand the mechanisms that are responsible for the 
unexplained variation and to validate proportional contributions. Arthur & Herd (2008) further 
expanded this knowledge by quantifying the percentage of processes that explain the variation 
in RFI; protein turnover, tissue metabolism and stress (metabolism) represents 37% of the 
variation; digestibility represents 10%; heat increment and physical activity each represent 9%, 
difference in body composition represents 5%; feeding pattern represents 2%; this leaves 28% 
of the variation in RFI that is unknown (Figure 1.1).  
 
 
 
 
1.2.3.1 Feed intake 
Feed intake is a function of meal size and frequency. A sheep’s feeding behaviour is determined 
by the integration of central and peripheral signals in brain feeding centres (Cantalapiedra-
Hijar et al., 2018). It is an important contribution to underlying variation in feed efficiency. 
When outside factors are the same variation in feed intake can still be seen between individuals, 
due to differences in bite size, gut fill and individual metabolism (Herd et al., 2004). When 
feed intake increases there is an increase in heat in the system to support digestion, this results 
in an increase in expended energy which is energy that is not being used to produce animal 
Metabolism
37%
Digestibility
10%Heat increment & 
fermentation
9%
Physical activity
9%
Body composition
5%
Feeding pattern
2%
Unknown
28%
Figure 3.1: Estimates of the percentage contribution of different mechanisms to 
variation in residual feed intake in cattle based on the study by Arthur & Herd (2008) 
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product (Herd and Arthur, 2009). This indicates that the rate and duration of ingestion are key 
factors in determining the energy cost of eating and has been demonstrated in studies using 
cattle. Cattle that had a greater RFI (and therefore were less efficient) were associated with an 
increase in frequency and rate of eating (Herd et al., 2004). 
 
1.2.3.2 Digestion 
The digestive capacity of an animal can be influenced by its feed intake (Cantalapiedra-Hijar 
et al., 2018). In sheep that have an increased feed intake there has been an observed decrease 
in digestion. This is a result of gut fill and an inability for the entire volume of consumed feed 
to be in contact with the surface areas required for nutrient absorption (Herd et al., 2004). The 
food moves through the digestive system and what comes into contact with the mucosal walls 
it what is processed and absorbed for use. When overfull, there is no room for some food to 
come into contact with the walls and therefore it is not processed correctly (Muller et al., 2013). 
When this occurs, the food is eliminated without being utilised and energy that could have been 
directed towards production is lost. 
 
1.2.3.3 Body composition and metabolism 
The deposition of the same weight of lean tissue versus fat tissue have different energetic costs 
(Cantalapiedra-Hijar et al., 2018). Lean tissue does not require as much of an energetic input 
to generate as fat tissue does but it is more variable (Herd et al., 2004). This suggest that sheep 
that are more likely to convert their food energy into fat tissue could be less feed efficient than 
animals that are more likely to generate lean tissue as more energy is used per kilogram of fat 
tissue compared to lean tissue. This relationship has been demonstrated in cattle and steer, 
progeny that have a low RFI (more efficient) were observed to have less fat tissue and more 
lean tissue (Herd et al., 2000). 
In terms of maintenance requirements, there is a relationship with fatness. Fatter animals tend 
to have lower maintenance requirements because protein, once synthesized, is in a constant 
state of being degraded and resynthesised; this turnover is energetically expensive (Archer et 
al., 1999). 
 
1.2.3.4 Activity 
Activity inherently has a negative impact on feed efficiency as to be able to be active sheep 
must expend energy to do so, resulting in variation in heat production and altering the energy 
available for maintenance and growth (Arthur & Herd, 2008). A study using pigs demonstrated 
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the importance of differences in activity to variation in RFI. In the study the pigs total daily 
feeding time and number of visits to the feeding station had a positive correlation with RFI (de 
Haer et al., 1993). Mice that were selected for and against RFI after weaning showed marked 
differences in activity pattern, being that more efficient mice are less active than less efficient 
mice (Archer and Pitchford, 1996). Difference in activity can also be associated with variation 
in RFI in cattle, a phenotypic correlation of 0.32 for RFI and a daily pedometer count has been 
reported (Richardson et al., 1999). It can be inferred that sheep that are more active are less 
likely to be more efficient at converting feed than sheep who are less active.  
 
1.2.3.5 Thermoregulation 
Thermoregulation refers to the ability of an animal to maintain their internal temperature 
(Sejian et al., 2019). Heat can be lost via respiration (evaporative heat loss) as a natural process 
and energy that is being lost via respiration is not being used for production (Hofman and 
Riegle, 1977). Sheep that have a higher respiration rate are more likely to lose heat via 
evaporation at a faster rate than sheep that have a lower respiration rate and therefore aren’t 
losing as much heat via this process (Herd et al., 2004). Heat can also be loss due to evaporative 
heat loss across skin (Sejian et al., 2019). Herd et al. (2004) has demonstrated that hens with a 
lower RFI are less likely lose heat via their skin as the hens had less areas of naked skin 
exposed, a higher feather coverage and were less active, compared to high RFI hens. This could 
suggest that sheep that have a thicker and/or larger wool coverage are less likely to loss heat 
via this process and therefore be more efficient, however it does need to be noted that the large 
difference in body size between chicken and sheep could mean that the contribution of 
thermoregulation in this context could have a markedly different response.  
These processes demonstrate only some of the processes that explain the variation in RFI and 
therefore that of feed efficiency. Numerous factors and interactions are still unknown and 
require further investigation. 
 
1.2.4 Genetics of feed efficiency 
 
1.2.4.1. Introduction 
Current literature demonstrates that there is considerable variation in the efficiency of 
ruminants as well as the heritability of efficiency traits (Table 1.1). Feed efficiency traits are a 
major target for genomic selection in livestock breeding programs particularly given that the 
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consideration of feed efficiency traits is highly relevant due to the economic impacts of using 
feed resources efficiently (Reyer et al., 2017).  
The use of genetic improvement using RFI as an index for feed efficiency can eliminate the 
effect of growth on RFI therefore providing an accurate and sensitive index for measuring feed 
efficiency (Zhang et al., 2017). The major advantage of selecting for RFI is that it is 
phenotypically independent of the production traits, meaning that it is possible to select for 
animals who consume less feed without compromising their growth potential (Archer et al., 
1999).  
 
Efficiency has been correlated both phenotypically and genetically with various aspects of 
production, for instance studies have identified that genetic variation in feed efficiency exists 
in cattle during the growth stage and in adults (Archer et al., 2004). The genetic correlation of 
phenotypic RFI with feed intake has been large and positive, indicating that improvement 
would result in a correlated response of decreased feed intake (Crews, 2005). A study by Arthur 
& Herd (2008) in cattle demonstrated that post-weaning RFI is moderately heritable, therefore 
selecting for RFI will result in progeny that consume less feed for the same level of growth 
compared to other progeny. A study by Zhang et al. (2017) demonstrated that selecting for RFI 
in sheep could increase feed efficiency by reducing the amount of feed an individual animal 
consumes without compromising growth. These studies demonstrate the ability to use RFI as 
an effective measure of efficiency without compromising overall growth and mature size.  
 
 
1.2.4.2 Heritability of residual feed intake 
Numerous studies have reported that RFI is a heritable trait and therefore there are genetic 
implications when selecting for it. The majority of studies have been focused on cattle and 
these studies have categorised RFI as being low-moderately heritable with heritability numbers 
such as 0.28 (Koch et al., 1963) and 0.44 (Arthur et al., 1997) (Table 1.1). Few studies have 
investigated the heritability of RFI in sheep, Paganoni et al. (2017) derived the heritability of 
RFI across age groups; post-weaning lambs (0.17), hoggets (0.29) and adults (0.07). In this 
study the effect of heritability has been proven but it has not demonstrated repeatability across 
age groups.  
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 Table 3.1: Heritability estimates of residual feed intake in sheep and cattle 
 
 
1.3. Temperament  
 
1.3.1 Introduction to temperament 
The existence of emotions in animals has been long debated until Darwin (1872) recognised 
the existence of emotion. Darwin suggested that animals are able to experience different 
responses (both positive and negative) when they are exposed to triggering stimuli, whether it 
is psychological, physical or physiological. Darwin supported the idea that there is continuity 
between humans and animals regarding their emotional response (Tamioso et al., 2016), this 
has been supported by Boissy et al. (2005) who demonstrated that responses in sheep are 
somewhat similar to those observed in humans; in both their nature and their variability. When 
presented with an unfamiliar situation sheep respond with a strong fearful response, the 
response can be particularly strong when the situation that the sheep is presented with is 
perceived as out of their control (Greiveldinger, 2007).  
It has been proven that animals are able to evaluate a situation after they have been provoked 
by a stimulus, this evaluation is based on the following six parameters; suddenness, familiarity, 
pleasantness, controllability, predictability and expectations (Boissy, 1995). These parameters 
are all evaluated by the sheep, which are then processed and lead to a response. There are three 
aspects to the response, 1) psychological response; 2) behavioural response and 3) physical 
response, a combination of all three of these responses leads to the emotional reactivity of the 
sheep (Corr 2009). Individuals are capable of differing responses after their evaluation to a 
Animal Heritability Breed Sex Age No animals Paper 
Cattle 0.28  0.11 British M & F  1324 Koch et al. (1963) 
Cattle 0.14  0.12 British M  534 Fan et al. (1995) 
Cattle 0.44  0.07 British M & F  966 Arthur et al. (1997) 
Cattle 0.27  0.23 Swedish 
R & W 
M & F  235 Brelin and Brannang 
(1982) 
Sheep 0.17  0.07 Merino M & F Post-
weaning 
2816 Paganoni et al. (2017) 
Sheep 0.29  0.08 Merino M & F Hoggets  Paganoni et al. (2017 
Sheep 0.07  0.08 Merino M & F Adults  Paganoni et al. (2017 
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stressful stimuli and this variation is called temperament (Strelau, 1987; Rothbart et al., 2000; 
Mervielde et al., 2005). 
 
Temperament is a hypothetical tool used to understand behaviour and a concept that can be 
defined on three levels (Dodd et al., 2012). The first level is surface behaviour, the second level 
of temperament is a pattern of neuroendocrine system responses to stress and the third level is 
the animals’ inherent potential to respond in a particular manner to a stressful stimulus (Dodd 
et al., 2012). Thomas and Chess (1997) conceptualised temperament in human as nine broad 
dimensions; level of activity, approach/withdrawal, intensity, threshold, adaptability, 
rhythmicity, mood, persistence of attention span and distractibility and similar arrays can be 
applied to the assessment of sheep temperament (Rothbart, 2007). These dimensions are linked 
to processes and reactions which are related to stress and emotion that are induced by exposure 
to stressors and displayed in various physiological and behavioural traits.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Temperament is composed of two components; the valence and the arousal (Figure 1.2). 
Valence refers to how an individual perceives an emotional stimulus in respect to a negative 
vs positive axis in a given situation and the arousal indicates the general level of activation in 
said situation (Reefmann et al., 2012). The varying degrees of valence in any given situation 
has an impact on the welfare of an animal. Experiences that are perceived as negative in general 
or one event that is associated as particularly negative can have lasting impact on the 
temperament of a sheep and influence its future experiences, therefore a positive temperament 
is better for overall welfare both immediate and long-term. A study by Reefmann et al. (2012) 
Figure 1.4: The Valence/Arousal Model of Emotion (Kirke & Miranda, 2013) 
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investigated the use of behavioural and physiological measures to differentiate short-term 
emotional states of positive and negative valence in sheep, to achieve this two groups of sheep 
were subjected to differing housing and husbandry treatments that differed in environmental 
enrichment and disruption for three weeks to induce a more positive or more negative response. 
The fourth week of the experiment was the testing week and the animals behavioural and 
physiological reactions were observed during short-term experiences designed to elicit a 
negative (separation), neutral (non-grooming) and positive (grooming) emotional valence. The 
study demonstrated that sheep that had an overall more positive temperament were better able 
to process and adapt to given situations, whether they be positive or negative.  
 
1.3.1.1. Importance of temperament 
Sheep are managed in extensive rearing conditions and as such close human-animal 
interactions are restricted to when veterinary care or routine husbandry procedures are required. 
When sheep are exposed to human interaction their behaviour can range from docile to 
aggressive (Hoppe et al., 2010). Temperament has been shown to be related to animal welfare 
and various aspects of production and is an important factor when it comes to on-farm 
management (Norris et al., 2014). The expression of temperament is referred to as behavioural 
reactivity (BR), livestock that are deemed highly reactive have a reduced productivity and 
increased cost of production (COP) both of which are detrimental to the producer (Dodd et al., 
2012). There is little research into relationship between behavioural reactivity and other aspects 
of sheep physiology i.e. feed efficiency (Amdi et al., 2010). It is therefore feasible that selecting 
sheep based on aspects of their temperament has indirectly resulted in selection of animals that 
vary in their productivity due to underlying physiological differences in nutrient partitioning 
and this has had an unintentional influence on production traits (Amdi et al., 2010). 
 
 
1.3.1.2. Influence on production and reproductive traits 
There is substantial evidence that indicates that temperament has a positive influence on 
production traits (Dodd et al., 2012). A study by Vetters et al. (2013) demonstrated that cattle 
with more excitable temperaments have reduced feed efficiency, poorer meat quality and 
decreased immune function and calmer cattle had increased in average daily gain (ADG), 
increased conception rates and decreased incidence in dark cutting. Similar positive 
associations can be seen in sheep, various studies have investigated the influence temperament 
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has on traits such as growth and maternal traits (Lennon et al., 2009; Hatcher et al., 2010; Plush 
et al., 2010).  
 
A study by Dodd et al. (2012) investigated the relationship between BR and weight gain, the 
study found that calmer sheep had a higher ADG and better feed conversion efficiency (FCE). 
Sheep that were highly reactive had a lower net feed intake (NFI). The same study found that 
there was a moderately correlated relationship between BR and maternal ability and milk 
production. It demonstrated that a calmer ewe spent more time licking their lambs within one 
hour of birth, fostering a stronger ewe-lamb bond supporting the theory that there is a 
correlation between ewe behaviour and lamb survival. The study stated that calmer ewes are 
more pro- and re- ceptive, with a resulting increase in comparative reproductive performance, 
have an increased milk production, improved ease of milk and increased protein content.  
 
1.3.1.3. Influence on welfare 
Highly reactive livestock tend to be poorly adapted to their environment because they do not 
possess the necessary mechanisms needed to cope with stressors they are confronted with, in 
comparison to less reactive livestock, therefore experiencing an excess of stress (Dodd et al., 
2012).  Therefore, having a docile temperament means an animal is better equipped to cope 
with stressful experiences. This means that sheep that have improved welfare, are less likely to 
respond with a high stress response in comparison to animals with a poorer welfare standard 
and are better able to adapt to the given situation and maintain homeostasis with minimal effort 
(Dodd et al., 2012). 
 
Welfare considerations are more important than ever, due to increasing consumer awareness 
and demand (Martin et al., 2004; Dodd et al., 2012). This puts pressure on producers to improve 
their welfare standards and how they manage their stock. Altering temperament to reduce stress 
of animals without modifying management strategies is an option that is available to producers 
to improve the welfare of their sheep. This can be achieved genetically through selection (Dodd 
et al., 2012). 
 
1.3.2. Techniques to assess temperament 
Temperament traits are easily assessed however, due to the subjective nature of the 
measurements there are challenges that need to be accounted for (Amdi et al., 2010). One 
challenge is that no single test is likely to be sufficient to identify all behaviours which 
 12 
producers aim to improve (Dodd et al., 2012). Sheep are relatively stoical creature and do not 
always display signs of distress and alternatively even if they do display signs of distress the 
human observer maybe unable to identify the signs being presented to them as stress 
(Gougoulis et al., 2010). 
 
Measurement techniques that have been developed to account for these challenges include the 
measurement of exit score, chute score and jump score measurement system has been 
developed to assess the temperament of sheep. Each score is a subjective score that is assigned 
to each animal throughout the measurement process. The exit score was recorded as an ordinal 
scale measuring the speed at which the sheep exited the chute where 1 = walk, 2 = trot, 3 = 
canter and 4 = run (Vetters et al., 2013). The exit score by Lanier and Grandin (2002) assumed 
a jump score as a measurement of the exit score where 1 = walk, 2 = trot, 3 = run and 4 = walk, 
Vetters et al. (2013) adapted the jump into its own measurement where 1 = jump and 0 = no 
jump because the measurement of this scale is ordinal and Lanier and Grandin (2002) assumed 
that jump was the fastest speed a sheep could achieve whereas Vetters et al. (2013) found that 
whilst a jump increases the exit score initially it decreases the score at greater velocities. The 
chute score is a measure of the behaviour the sheep exhibits whilst confined in the chute and 
adheres to a 5-point system developed by Grandin (1993) where 1 = calm, no movement; 2 = 
restless, shifting; 3 = squirming, occasionally shaking the chute and 5 = rearing, twisting of the 
body or violent struggling. 
 
1.3.3. Genetics of temperament 
 
1.3.3.1. Introduction  
It is widely accepted that the variation that is seen in the temperament response could be 
attributed to differences in genetics or environment however there are few studies and little 
understanding surrounding how an individual’s temperament develops based on the 
interactions between those factors. A study of Merino sheep by Bickell et al. (2009) suggested 
that the temperament traits of Merino’s are primarily the result of genetic transmission as 
opposed to learned behaviours from the mother.  The study used a cross-fostering protocol 
where newborn lambs from calm ewes were fostered to other calm or nervous ewes and 
newborn lambs form nervous ewes were fostered to other nervous or calm ewes. The study 
found that lambs born form calm ewes (even if fostered by nervous ewes) were still calm and 
showed few fearful responses and lambs form nervous ewes (even if fostered by calm ewes) 
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still displayed fearful responses. Therefore, although a complex cross-connection relationship 
between nature and nurture exists, the general conclusion is that sheep temperament is 
determined by genetics.  
 
1.3.3.2. Genetic basis of variation in temperament 
The genetic basis of temperament is not clearly understood, the genes that are associated with 
temperament could be involved in a) the perception or the process of evaluation at brain level 
before responses are elicited; or b) the modulation of the physiological response or the 
behavioural response (Corr, 2009). The variation of temperament in individuals could be 
explained by polymorphisms in genes that regulate brain activity and glucocorticoid synthesis 
(Qiu et al., 2016). Polymorphisms, also called mutations, refer to the base change in the DNA 
sequence. Whether or not the polymorphism can affect the phenotype depends on its location 
in the DNA sequence, if the polymorphism is located in a coding region it can cause an amino 
acid substation and therefore will be a functional change and can lead to individual differences 
in temperament.  
 
1.3.3.3. On-farm significance 
Correlations between temperament and production traits suggest that selection against animals 
that are highly reactive will not have a detrimental impact on production traits. The effects of 
genetically selecting for temperament based on economically important traits can be variable, 
this is because the biological basis of the effects are not well understood (Café et al., 2010) 
Despite this variability it is accepted that temperament could be a useful trait used in genetic 
evaluations either as an indicator trait for other economically relevant traits or because the 
temperament traits might have a direct economic value (Basarab et al., 2003) 
 
The test that have been developed to measure temperament are heritable traits and as 
temperament is regarded to be low-moderately heritable across the phenotypic measurement, 
it is a suitable trait for genetic selection (Cziszter et al., 2016). The heritability of temperament 
across studies ranges from 0.30 – 048 (Table 1.2).  
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 Table 1.4: Heritability estimates of temperament traits in sheep and cattle 
 
  
1.3.4. Introduction to the stress response 
Life exists by maintaining homeostasis and this homeostasis is constantly challenged by 
stressors (Stratakis et al., 1995). Stress is defined as a challenge, or disruption, to homeostasis 
(Stratakis et al., 1995), this definition has been expanded on by Tillbrook and Clarke (2006) 
who define stress as “a complex physiological and behavioural processes that occur when there 
is a real or perceived threat to homeostasis”. A stress response is determined by a multitude of 
factors and can be behavioural or physiological (Stratakis et al., 1995). By selecting for a more 
docile temperament, we can select for sheep that exhibit a lower stress response when presented 
with an adverse situation, meaning energy is not diverted from production resulting in more 
feed efficient sheep (Blache & Ferguson; 2005) 
 
1.3.4.1. Imposed stressors on sheep 
Routine management procedures on farm can lead to stress responses from sheep. These 
procedures are inclusive of castration, shearing, tail docking, dehorning, vaccination, herding 
and transporting and all result in physiological and behavioural stress responses (Amdi et al., 
2010). As well as husbandry procedures, the environment in which the sheep are produced can 
cause stress. Sheep are usually kept under extensive rearing conditions in southern Australia 
characterised by a Mediterranean climate (Hoppe et al., 2010). In response to climatic changes, 
rainfall patterns have become more variable resulting in the length and severity of annual 
periods of drought being harder to predict. These erratic climate conditions make it harder to 
manage sheep. Due to the periods of drought and their unpredictability sheep often experience 
times of feed deficit, farmers can combat this by providing supplementary feed (grain, hay, 
 Heritability Reference 
Sheep 0.41 Blache and Ferguson, 2005 
Sheep  0.48 Boissy et al., 2005 
Sheep 0.31 Zambra et al., 2015 
Sheep 0.30 – 0.36 Brown et al., 2015 
Sheep 0.45 Qiu et al., 2015 
Cattle  0.40 Nkrumah et al., 2014 
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silage) however this incurs high feed and labour costs and is not a cost-effective solution (Rose 
et al., 2013).  
 
1.3.4.2. Physiological basis of stress  
Temperament is reflective of a sheep’s behavioural state and their response to stressful 
environments (Dodd et al., 2012), that response being to increase its metabolic rate. When a 
sheep’s metabolic rate increases there is a subsequent increase in energy expenditure and as a 
result there is a reduction in weight gain, as the energy is re-directed away from growth to 
sustain the stress response (Knott et al., 2007). During times of stress a sheep’s nutrients are 
directed towards essential tissues (i.e. brain, heart, liver, kidney) and diverted from production 
such as wool growth, meat production and reproduction (Amdi et al., 2010). This means that 
these sheep are less efficient in utilising their energy, this can result in them growing slower, 
because an animal will only lay down body reserves after the metabolic needs of the stress 
response are satisfied (Knott et al., 2007; Amdi et al., 2010). 
Most stressful encounters are short-term events, usually lasting seconds to minutes and (on 
very rare occasions) hours (Reefmann et al., 2012). During this time the sympathetic nervous 
system responds to stress by engaging the cardiovascular system and adrenal medulla to 
produce a coordinated preparation for the fight or flight response (Stratakis et al., 1995). This 
results in a significant rise in the circulating cortisol which aids in releasing stored energy and 
to regulate the stress response (Dodd et al., 2012). By this example, a stress response represents 
a system-level response to threats to homeostasis (Carroll et al., 2017). In the event of a sheep’s 
reaction to a stimulus there are underlying physiological cues that are initiated by the stimulus. 
In a stress response activation of the endocrine and nervous pathway is observed and 
subsequent changes in hormone secretion (Stratakis et al., 1995).  
 
It is accepted that there are two types of stressors; acute and chronic. Which stressor is invoked 
in response to a given stimuli depends on the timing and severity of the perceived stimuli. In 
the event that there is an acute response, catcholamine are released and in the event that there 
is a chronic response the hypothalamic-pituitary-adrenal (HPA) axis is activated (Greenberg et 
al., 2002). Growth is directly linked to stress system and profoundly linked to HPA axis and 
given the relationship between temperament, fear and stress the one mechanism considered to 
vary with temperament is the HPA axis (Stratakis et al., 1995). In a study by Café et al. (2011) 
cattle that were classified as being more temperamental had a greater HPA axis response, 
resulting in a higher secretion of stress response hormones and therefore putting increased 
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demands on the individual animals’ body. ACTH and glucocorticoids are final effectors of the 
HPA axis and participate in the control of whole-body homeostasis and organisms response to 
stress (Stratakis et al., 1995) experiencing a stressful situation and the hormones that can be 
used to monitor the stress response are glucocorticoids and cortisol; when there is an observed 
increase in these hormones, there will be an observed stress response (Dodd et al., 2012). 
Cortisol plays a key role in energy metabolism and is responsible for regulating protein, fat and 
carbohydrate metabolism, muscle maintenance and immune system function (Stratakis et al., 
1995). Psychological stress activates HPA axis leading to the release of cortisol into the blood 
that mediates the activity of the above metabolic processes (Café et al., 2011). When the stress 
response is satisfied and all system return to homeostatic conditions the diversion of energy to 
essential nutrients is halted and normal production resumes with energy being directed towards 
growth (Carroll et al., 2017). 
 
1.3.5. Influence of temperament on behavioural response to stress 
It is clear that there is a variability in the behavioural response of individuals when exposed to 
the same stressor that has been elicited in the same situation. For example, in humans, the 
variability in response per individual has been demonstrated in numerous situations designed 
to elicit an emotional reaction (Rothbart et al., 1994). It has been suggested that the individual 
variance in behavioural response is due the variance in the individual’s perception or evaluation 
of the situation before the response occurs (Boissy, 1995). It has already been established that 
animals have the ability to evaluate individual situations they are confronted with and a major 
determinant of the coping response is the perception of the situation by the individual (Lazarus 
and Folkman 1984). Therefore, the perception (or evaluation) process in the brain is primarily 
responsible for the variance of behavioural response to stimulus. Hoppe et al. (2010) 
demonstrated that the influence of farm within each breed effect on temperament traits was 
highly significant. This indicates that factors such as prior exposure or herd and pasture 
management have an influence on behaviour.  
 
As previously stated, the study by Reefmann et al. (2012) determined that sheep that had more 
positive experiences were less likely to exhibit a strong stress response. Another study by 
Henry et al. (2010) demonstrated that cattle with a calm temperament displayed reduced fear 
and anxiety in current and recurring situations. These studies support the findings that two-
thirds of reliable variance in measured personality traits can be attributed to genetic influences 
(Stratakis et al., 1995) indicating that temperament is a trait that can be selected for. 
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1.3.6. Influence of temperament on physiological response to stress  
A study by Henry et al. (2010) found that under homeostatic conditions calm cattle had greater 
rates of energy expenditure, meaning that they were more likely to use the energy for 
production and growth. The study concluded that cattle with a calm temperament not only had 
reduced fear and anxiety, but also a greater average daily gain (ADG) and higher feed 
efficiency. When confronted with a threatening stimulus or unknown situation sheep can react 
in one of two-ways, they can either exhibit a defensive response or a passive coping response 
(Dodd et al., 2012). The type of response depends on the sheep’s perception of the situation. If 
the animal perceives the situation as being something it is able to control it exhibits a defence 
response; this is an active response where the sheep will choose between fight or flight (Dodd 
et al., 2012). Because this is an active response it requires inputs of energy to maintain the 
response until the adverse stimulus is removed. Once this occurs the animal has satisfied its 
stress response and returns to its natural state of production, thereby allowing energy being 
used to maintain the response to be redirected back into growth (Dodd et al., 2012). When an 
animal is confronted by a situation it perceives as uncontrollable and believes itself helpless it 
will enter a state of passive coping response; this response initiates an emphasis on self-
preservation resulting in a loss of sexual and maternal drives as well as suppression of feeding 
behaviours which results in the reduction of the digestive process and less nutrients being 
directed towards growth (Dodd et al., 2012). As this is a passive response, the sheep’s energy 
will be re-directed towards essential tissues and away from nutrient absorption, therefore 
protecting the sheep’s survival, as opposed to being used to maintain growth (Amdi et al., 
2010).  
 
1.4 Conclusion 
 
There is potential to use feed efficiency traits as a selection tool in a genetic selection program 
to improve on-farm productivity, by reducing outgoing feed costs without compromising profit 
of products sold. Using RFI as a measure of feed efficiency, an individual is more efficient 
when they eat less food for the same level of production. The reduction in feed requirements 
means there will be a reduction in outgoing costs compared to other individuals for the same 
profit as production is the same therefore profit is not compromised. One of the major 
advantages of using RFI is it is an independent of body weight and average daily gain measures, 
therefore allowing comparisons to be made across physiological states and during growth. The 
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majority of research revolves around using RFI in growing animals, as opposed to adults, and 
the mechanisms underpinning feed efficiency traits in adults is less well known.  
 
Temperament is a reflection of a sheep’s behavioural response and their ability to adapt to 
stressful situations, and the accompanying hormones involved in this response can have an 
impact on production. When animals are stressed, energy is directed towards survival, not 
growth. Animals that have a lower stress response to a stimuli or event compared to other 
animals, are less likely to lose energy to maintain the stress response. The energy that is ‘saved’ 
is then available for growth.Temperament has been shown to be related to production traits 
however its relationship with feed efficiency is less well known.  
 
To be able to make the most informed decisions using feed efficiency traits in a genetic 
selection program, it is imperative to understand the underling mechanisms and temperament 
is a trait that could be an underlying mechanism contributing to the variation observed in feed 
efficiency traits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 19 
1.5. References 
Amdi, C., Williams, A. R., Maloney, S. K.; Tauson, A. H., Knott, S. A.; Blache, D. (2010).
 Relationship between behavioural reactivity and feed efficiency in housed sheep.
 Animal Production Science 50:683 - 687.  
Archer, J. A., and Pitchford, W. S.  (1996). Phenotypic variation in residual food intake of mice
 at different ages and its relationship with efficiency of growth, maintenance and body
 composition. Animal Science 63(1):149-157. doi: 10.1017/S1357729800028381 
Archer, J. A., Barwick, S. A., Graser, H-U. (2004). Economic evaluation of beef cattle breeding
 scheme incorporating performance testing of young bulls for feed intake. Australian
 Journal of Experimental Agriculture 44 
Archer, J. A., Richardson, E. C., Herd, R. M., Arthur, P. F. (1999). Potential for selection to
 improve efficiency of feed use in beef cattle: a review. Australian Journal of
 Agricultural Research 50:147 - 161.  
Arthur, P.F., Archer, J.A., Herd, R.M., Richardson, E.C., Exton, S.E., Wright, J.H., Dibley,
 K.C.P., Burton, D.A., (1997). Genetic and phenotypic variation in feed intake, feed
 efficiency and growth in beef cattle. Proc. Assoc. Adv. Anim. Breed. Genet. 12, 234
 237 
Arthur, J. P. F. & Herd., R. M. (2008). Residual feed intake in beef cattle. Revista Brasileira 
de Zootecnia 37:269 - 279.  
Ball, A. J. Thompson, J. M., Pleasants, A. B. (1996). Seasonal changes in body composition of
 growing Merino sheep. Livestock Production Science 46:173 - 180.  
Basarab, J. A. Price, M. A., Aalhus, J. L., Okine, E. K.; Snelling, W. M., Lyle, K. L. (2003).
 Residual feed intake and body composition in young growing cattle. Canadian Journal
 of Animal Science:189 - 203.  
Bickell, S. L., Poindron, P., Nowak, R., Chadwick, A., Ferguson, D., & Blache,
 D. (2009). Genotype rather than non-genetic behavioural transmission determines the
 temperament of Merino lambs. Animal Welfare, 18, 459-466. 
Blache, D. and Ferguson, D. (2005). Genetic estimates for temperament traits in sheep breeds.
 Final report AHW.140 Meat and Livestock Australia. Sydney  
Blumer, S. E., Gardner, G. E.; Ferguson, M. B., Thompson, A. N. 2016. Whole-body fatnes is
 a good predictor of phenotypic feed and liveweight efficiency in adult Merino ewes fed
 a poor-quality diet. Animal Production Science 56(4):789 - 796.  
 20 
Boissy, A. Boissou., M. F. (1995). Assesment of individual differences in behavioural reaction
 of heifers exposed to various fear-eliciting situations. Applied Animal Behaviour
 Science 46:17 - 31.  
Boissy, A. Boissou., J., Orgeur, P., Poindron, P., Bibe, B. Neindre, P. L. (2005). Genetic
 analysis of emotional reactivity in sheep: effects of the genotypes of the lambs and of
 their dams. Genetic Selection Evolution 37:381 - 401.  
Brelin, B. & Brannang, E. (1982). Phenotypic and genetic variation in feed efficiency of
 growing cattle and thier relationship with growth rate, carcass traits and metabolic
 efficiency. Swedish Journal of Agricultural Research 12:29 - 34.  
Brown, D. J. Fogarty, N. M., Iker, C. L., Ferguson, D. M., Blache, D., Gaunt, G. M. (2015).
 Genetic evaluation of maternal behaviour and temperament in Australian sheep.
 Animal Production Science doi: 10.1017/AN14945 
Cafe, L. M., Robinson, D. L., Ferguson, D. M., Geesink, G. H. Greenwood, P. L. (2011).
 Temperament and hypothalamic-pituitary-adrenal axis function are related and
 combine to affect growth, efficiency, carcass, and meat quality traits in Brahman
 steers. Domest Anim Endocrinol 40(4):230-240. doi:
 10.1016/j.domaniend.2011.01.005 
Cafe, L. M., Robinson, D. L., Ferguson, D. M., McIntyre, B. L., Geesink, G. H. and P. L.
 Greenwood. (2010). Cattle temperament: persistence of assessments and associations
 with productivity, efficiency, carcass and meat quality traits. J Anim Sci 89(5):1452
 1465. doi: 10.2527/jas.2010-3304 
Cantalapiedra-Hijar, G., Abo-Ismail, M., Carstens, G. E., Guan, L. L., Hegarty, R.,
 Kenny,  D. A.,  McGee, M., Plastow, G., Relling, A. and Ortigues-Marty, I. (2018).
 Review: Biological determinants of between-animal variation in feed efficiency of
 growing beef cattle. Animal 12(s2):s321-s335. doi: 10.1017/S1751731118001489 
Carroll, D., Ginty, A. T., Whittaker, A. C., Lovallo, W. R., and de Rooij, S. R. (2017). The
 behavioural, cognitive, and neural corollaries of blunted cardiovascular and cortisol
 reactions to acute psychological stress. Neurosci Biobehav Rev 77:74-86. doi:
 10.1016/j.neubiorev.2017.02.025 
Cockrum, R. R., Stobart, R. H., Lake, S. L. and Cammack, K. M. (2013). Phenotypic variation
 in residual feed intake and performance traits in rams. Small Ruminant Research
 113(2-3):313-322. doi: 10.1016/j.smallrumres.2013.05.001 
Corr, P. J. (2009). The Cambridge handbook of personality psyhcology. Cambridge
 University Press:850.  
 21 
Crew, D. H. (2005). Genetics of efficient feed utilisation and national cattle evaluation: A
 Review.   
Curtis K (2007) Wool desk report: May 2007. Flock demographics and producer intentions
 results of a national survey conducted in February 2007. Available at
 http://www.agric.wa.gov.au/objtwr/imported_assets/
 content/aap/sl/wool/200705_wdr08.pdf  
Cziszter, L. T., Gavojdian, D., Neamt, R.,  Neciu, F., Kusza, S.  and Ilie, D.-E. (2016). Effects
 of temperament on production and reproductive performances in Simmental dual
 purpose cows. Journal of Veterinary Behavior 15:50-55. doi:
 10.1016/j.jveb.2016.08.070 
Darwin, C. (1872). The expressio of the emotions in man and animals. London, John Murray  
de Haer, L. C. M., Luiting, P. and Aarts, H. L. M.  (1993). Relations among individual
 (residual) feed intake, growth performance and feed intake pattern of growing pigs in
 group housing. Livestock Production Science 36(3):233-253. doi:
 https://doi.org/10.1016/0301-6226(93)90056-N 
de Paula, E. E. d. S., D. F., Monteiro, A. L. G., Santana, M. H., Gilaverte, S., Rossi, P. Jr.,
 Dittrich, R. L. (2013). Residual feed intake and hemotological and metabolic blood
 profiles of Ile de France lambs. Revista Brasileira de Zootecnia 42(11):806 - 812. 
Dodd, C. L. Pitchford., W. S., Hocking Edwards, J. E., Hazel, S. J. (2012). Measures of
 behavioural reactivity and their relationships with production traits in sheep: A
 Review. Applied Animal Behaviour Science 140:1 - 15.  
Fan, L. Q., Bailey, D. R. C., and Shannon, N. H. (1995). Genetic param- eter estimation of
 post-weaning gain, feed intake and feed efficiency for Hereford and Angus bulls fed
 two different diets. Journal of Animal Science 73, 365􏰖72.  
Gilbert, M. S., van den Borne, J., van Reenen, C. G., and Gerrits, W. J. J. (2017). Only 7% of
 the variation in feed efficiency in veal calves can be predicted from variation in
 feeding motivation, digestion, metabolism, immunology, and behavioral traits in early
 life. J Dairy Sci 100(10):8087-8101. doi: 10.3168/jds.2016-12390 
Gougoulis, D., Kyriazakis, A., I., and Fthenakis, G. C. (2010). Diagnostic significance of
 behaviour changes of sheep: A selected review. Small Ruminant Research 92(1-3):52
 56. doi: 10.1016/j.smallrumres.2010.04.018 
Grandin, T. (1993). Behavioural agitation during handling of cattle is persistent over time.
 Applied Animal Behaviour Science 36:1 - 9.  
 22 
Greenberg, N., Carr, J. A., and Summers, C. H. (2002). Causes and consequences of stress.
 Integrative and Comparative Biology 42:508 - 516.  
Greiveldinger, L., Veissier, I., and Boissy, A. (2007). Emotional experience in sheep:
 Predictability of a sudden event lowers subsequent emotional responses. Physiology
 and Behaviour 92:675 - 683.  
Hatcher, S., Atkins, K. D. and E. Safari. (2010). Lamb survival in Australian Merino Sheep: A
 genetic analysis. Journal of Animal Science 88(10):3198-3205. doi:
 10.2527/jas.2009-2461 
Henry, B. A., Blache, D., Rao, A., Clarke, I. J. and Maloney, S. K. (2010). Disparate effects of
 feeding on core body and adipose tissue temperatures in animals selectively bred for
 Nervous or Calm temperament. Am J Physiol Regul Integr Comp Physiol
 299(3):R907-917. doi: 10.1152/ajpregu.00809.2009 
Herd, R. M., and S. C. Bishop. (2000). Genetic variation in residual feed intake and its
 association with other production traits in British Hereford cattle. Livest. Prod. Sci.
 63:111–119.  
Herd, R. M., and P. F. Arthur. (2009). Physiological basis for residual feed intake. J Anim Sci
 87(14 Suppl):E64-71. doi: 10.2527/jas.2008-1345 
Herd, R. M. Oddy, V. H., Richardson, E. C. (2004). Biological basis for variation in residual
 feed intake in beef cattle 1. Review of potential mechanisms. Australian Journal of
 Experimental Agriculture 44 
Hill, D. L., and Wall, E. (2017). Weather influences feed intake and feed efficiency in a
 temperate climate. J Dairy Sci 100(3):2240-2257. doi: 10.3168/jds.2016-11047 
Hofman, W. F., and Riegle, G. D. (1977). Respiratory evaporative heat loss regulation in shorn
 and unshorn sheep during mild heat stress. Respiration Physiology 30(3):339-348. doi:
 https://doi.org/10.1016/0034-5687(77)90040-8 
Hoppe, S., Brandt, H. R., König, S., Erhardt, G., Gauly, M. (2010). Temperament traits of beef
 calves measured under field conditions and their relationships to performance. Journal
 of Animal Science 88:1982 - 1989.  
Knott, S. A., Cummins, L. J., Dunshea, F. R. and Leury, B. J. (2008). The use of different
 models for the estimation of residual feed intake (RFI) as a measure of feed efficiency
 in meat sheep. Animal Feed Science and Technology 143(1-4):242-255. doi:
 10.1016/j.anifeedsci.2007.05.013 
Knott, S. A., Cummins, L. J., Dunshea, F. R. and Leury, B. J. (2010). Feed efficiency and body
 composition are related to cortisol response to adrenocorticotropin hormone and
 23 
 insulin-induced hypoglycemia in rams. Domest Anim Endocrinol 39(2):137-146. doi:
 10.1016/j.domaniend.2010.03.003 
Koch, R. M., Swigger, L., Chambers, D., Gregory, K. (1963). Efficiency of fee use in beef 
cattle. Journal of Animal Science 22:486 - 494.  
Lanier, J. L. and Grandin., T. (2002). The relationship between Bos Taurus feedlot cattle
 temperament and cannon bone measurement. Proceedings Western Section American
 Society of Animal Science 80:105.  
Lazarus, R. S., Folkman, S. (1984). Stress, appraisal and coping. New York: Springer.  
Lennon, K. L., Hebart, M. L., Brien, F. D., and Hynd, P. I. (2009). The genetics of temperament
 traits in Merino sheep. Behaviour and Welfare 18:96 - 99.  
Martin, G. B., Milton, J. T., Davidson, R. H.,  Banchero Hunzicker, G. E., Lindsay, D. R. and
 Blache, D. (2004). Natural methods for increasing reproductive efficiency in small
 ruminants. Anim Reprod Sci 82-83:231-245. doi: 10.1016/j.anireprosci.2004.05.014 
Mervielde, I., Clerq, B. D., De Fruyt, F., and Van Leeuwen, K. (2005). Temperament,
 personality, and developmental psychopathology as childhood personality disorders.
 Journal of Personality Disorders 19:171 - 201.  
Meyer, A. M., Vraspir, R. A., Ellison, M. J., and Cammack, K. M. (2015). The relationship of
 residual feed intake and visceral organ size in growing lambs fed a concentrate- or
 forage-based diet. Livestock Science 176:85-90. doi: 10.1016/j.livsci.2015.03.019 
Muller, D. W., Codron, D.,  Meloro, C., Munn, A., Schwarm, A., Hummel, J., and Clauss, M.
 (2013). Assessing the Jarman-Bell Principle: Scaling of intake, digestibility, retention
 time and gut fill with body mass in mammalian herbivores. Comp Biochem Physiol A
 Mol Integr Physiol 164(1):129-140. doi: 10.1016/j.cbpa.2012.09.018 
Nkrumah, J. D., Crews, D. H. Jr., Basarab, J. A., Price, M. A., Okine, E. K., Wang, Z., Li, C.
 and Moore, S. S. (2007). Genetic and phenotypic relationships of feeding behavior and
 temperament with performance, feed efficiency, ultrasound, and carcass merit of beef
 cattle. J Anim Sci 85(10):2382-2390. doi: 10.2527/jas.2006-657 
Norris, D. Ngambi, J. W., Mabelebele, M., Alabi, O. J. and Benyi, K. (2014). Genetic selection
 for docility: A Review. The Journal Of Animal and Plant Science 24(1):13 - 18.  
O’Connell, M., Young, J. and Kingwell, R. (2006). The economic value of saltland pastures in
 a mixed farming system in Western Australia. Agricultural Systems 89(2-3):371-389.
 doi: 10.1016/j.agsy.2005.10.003 
Paganoni, B., Rose, G., Macleay, C., Jones, C., Brown, D. J.,  Kearney, G., Ferguson, M. and
 Thompson A. N. (2017). More feed efficient sheep produce less methane and carbon
 24 
 dioxide when eating high-quality pellets. J Anim Sci 95(9):3839-3850. doi:
 10.2527/jas2017.1499 
Plush, K. J., Hebart, M. L., Brien, F. D., and Hynd, P. I. (2011). The genetics of temperament
 in Merino sheep and relationships with lamb survival. Applied Animal Behaviour
 Science 134(3-4):130-135. doi: 10.1016/j.applanim.2011.07.009 
Qiu, X., Ledger, J., Zheng, C., Martin, G. B. and Blache, D. (2016). Associations between
 temperament and gene polymorphisms in the brain dopaminergic system and the
 adrenal gland of sheep. Physiology & Behavior 153:19-27. doi:
 https://doi.org/10.1016/j.physbeh.2015.10.022 
Reefmann, N., T. Muehlemann, B. Wechsler, and L. Gygax. 2012. Housing induced mood
 modulates reactions to emotional stimuli in sheep. Applied Animal Behaviour Science
 136(2-4):146-155. doi: 10.1016/j.applanim.2011.12.007 
Reyer, H., M. Shirali, S. Ponsuksili, E. Murani, P. F. Varley, J. Jensen, and K. Wimmers.
 2017. Exploring the genetics of feed efficiency and feeding behaviour traits in a pig
 line highly selected for performance characteristics. Mol Genet Genomics
 292(5):1001-1011. doi: 10.1007/s00438-017-1325-1 
Richardson, E. C. and Herd., R. M. (2004). Biological basis for variation in residual feed intake
 in beef cattle. 2. Synthesis of results following divergent selection. Australian Journal
 of Experimental Agriculture 44:421 - 440.  
Richardson, E. C., Kilgour, R. J., Archer, J. A., and Herd, R. M. (1999). Pedometers measure
 differences in activity in bulls select- ed for high or low net feed efficiency. Proc.
 Aust. Soc. Study Anim. Behav. 26:16. (Abstr.)  
Robinson, D. L. & Oddy., V. H. (2004). Genetic parameters for feed efficiency, fatness,
 muscle area and feeding behaviour of feedlot finished beef cattle. Livestock
 Production Science 90:255 - 270.  
Rose, G., Mulder, H. A., Thompson, A. N., van der Werf, J. H. J. and van Arendonk, J. A. M..
 (2014). Varying pasture growth and commodity prices change the value of traits in
 sheep breeding objectives. Agricultural Systems 131:94-104. doi:
 10.1016/j.agsy.2014.08.007 
Rose, G., Kause., A., Mulder, H. A., van der Warf, J. H. J., Thompson, A. N., Ferguson, M.
 B., van Arendonk, J. A. M. (2013). Merino ewes can be bred for body weight change
 to be more tolerant to uncertain feed supply. Journal of Animal Science:2555 - 2565.
 doi:10.2527/jas2012-5539 
 25 
Rothbart, M. K. (2007). Temperament, development, and personality. Current Directions in
 Psychological Science 16:207 - 212.  
Rothbart, M. K., Ahadi, S. A. and Hershey, K. L. (1994). Temperament and social behaviour
 in childhood. Merrill-Palmer Quarterly 1982:21 - 39.  
Rothbart, M. K., Ahadi, S. A. and Evans, D. E. (2000). Temperament and personality: origins
 and outcomes. Journal of Personality and Social Psychology 78:122.  
Sejian, V., Bagath, M., Krishnan, G., Rashamol, V. P., Pragna, P., Devaraj, C.  and Bhatta, R..
 (2019). Genes for resilience to heat stress in small ruminants: A review. Small
 Ruminant Research 173:42-53. doi:
 https://doi.org/10.1016/j.smallrumres.2019.02.009 
Stratakis, C. A., and Chrousos, G. P. (1995). Neuroendocrinology and pathophysiology of the
 stress system. In: G. P. Chrousos, R. McCarty, K. Pacak, G. Cizza, E. Sternberg, P.
 W. Gold and R. Kvetnansky, editors, Stress: Basic Mechanisms and 
 Implications. Annals of the New York Academy of Sciences No. 771. p. 1-18. 
Strelau, J. (1987). The concept of temperament in personality research. European Journal of
 Personality 1:107 - 117.  
Tamioso, P. R., Rucinque, D. S., Taconeli, C. A., da Silva, G. P., and Molento, C. F. M. (2017).
 Behavior and body surface temperature as welfare indicators in selected sheep
 regularly brushed by a familiar observer. Journal of Veterinary Behavior 19:27-34.
 doi: 10.1016/j.jveb.2017.01.004 
Thomas, A.  and Chess, S. (1997). Temperament and development. New York: Bruner/Mazel  
Tillbrook, A. J. and Clarke, I. J. (2006). Neuroendocrine mechanisms of innate states of
 attenuated responsiveness of the hypothalamo-pituitary adrenal axis to stress. Frontiers
 in Neuroendocrinology 27:285 - 307.  
Vetters, M. D. D., Engle, T. E., Ahola, J. K. and Grandin, T. (2013). Comparison of flight
 speed and exit score as measurements of temperament in beef cattle. Journal of Animal
 Science 91:374 - 381.  
Zhang, X., Wang, W., Mo, F., La, Y., Li, C. and Li, F. (2017). Association of residual feed
 intake with growth and slaughtering performance, blood metabolism, and body
 composition in growing lambs. Sci Rep 7(1):12681. doi:10.1038/s41598-017-13042
 7 
Zambra, N., Gimeno, D., Blache, D., van Lier, E. (2015). Temperament and its heritability in
 Corriedale and Merino lambs. Animal, 9: 373-379.  
 
 26 
2. Introduction 
 
The profitability of Merino sheep enterprises is dependent upon the amount and value of wool 
and sheep meat sold compared to the production input costs. Feed represents a significant cost 
for sheep enterprises (Marie-Etancelin et al., 2019), especially in environments where feed 
quality and quantity are more variable throughout the year (Zhang et al., 2017). For these 
production systems it would be advantageous for producers to reduce their feed costs whilst 
maintaining or improving their current levels of production (Ellison et al., 2014). There is the 
potential to increase the profitability of a sheep enterprise by 38% by improving the feed 
efficiency of sheep (Muir et al., 2018). Despite this, the genetic improvement of sheep has 
traditionally focused on increasing the amount of product produced per animal (Masters and 
Ferguson, 2019) with comparatively little emphasis on genetic selection for traits which could 
reduce costs. 
 
Traits used to represent feed efficiency include residual feed intake (RFI) and residual 
liveweight change (RLWC); RFI is the difference between the expected and actual intake of a 
sheep for the same level of weight gain whilst RLWC is the difference between the expected 
and actual liveweight gain of a sheep for the same level of intake (Koch et al., 1963; Blumer 
et al., 2016). RFI is a heritable trait with values ranging from 0.18 to 0.30 (François et al., 
2002; Robinson and Oddy, 2004), thereby indicating the potential to improve feed efficiency 
by genetic selection (De Paula et al., 2013). Current studies primarily focus on feed efficiency 
in young, growing animals, however, RFI is a different trait in young animals compared to 
adult animals (Paganoni et al., 2017). With 70-80% of total on-farm feed consumed by adult 
sheep (Curtis, 2007), there is a putative role for feed efficiency in mixed farming systems. 
There is relatively little published work investigating mechanisms underpinning differences in 
feed efficiency in adult animals (Blumer et al., 2016) and it is important to understand the 
mechanisms of a trait so as to make the most informed decision possible, for example Haskell 
et al. (2019) reported an unintentional increase in aggression in steers when selecting for feed 
intake. This relationship suggests the potential of temperament being an underlying mechanism 
of feed efficiency.  
 
Temperament has been reported as being a heritable trait, with heritability values of 0.30 to 
0.48 (Brown et al., 2015; Boissy et al., 2005) and it has been shown to be related to production 
traits. Dodd et al. (2012) reported that sheep that were calmer had an increased average daily 
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gain and Gavojdian et al. (2015) reported that lambs reared by calmer ewes exhibited higher 
growth rates (+20.8g). Whilst temperament has been associated with production traits less is 
known about temperaments relationship with feed efficiency traits (Rice et al., 2015). 
Temperament has been shown to be related to a sheep’s cortisol levels (Rice et al., 2015; 
Hemsworth et al., 2018) and cortisol has also been shown to be related to feed efficiency (Knott 
et al., 2010). Based on the relationship between temperament and cortisol, and feed efficiency 
and cortisol, we posit that temperament may be a contributing mechanism of feed efficiency. 
 
Therefore, we hypothesise that when using wether progeny from a number of sires that 
represent a wide cross section of Merino genetics i) there will be sire differences for 
temperament measurements, ii) there will be sire differences for feed efficiency measurements 
and iii) sire differences in temperament will be associated with feed efficiency, the progeny 
with more docile temperaments will have will have improved feed efficiency. 
 
3.  Methods  
 
All procedures carried out were performed according to the guidelines for the Australian Code 
of Practice for the Use of Animals for Scientific Purposes 2013 and received approval from the 
Department of Primary Industries Research and Development Animal Ethics Committee (18-
5-13). 
 
3.1 Animal Management 
Three hundred and twenty adult Merino wethers (2 cohorts of 160) who were born in 2016 and 
sourced from fifteen different sires (Table 3.1) were housed in individual pens at the Katanning 
Research Facility (-3369’S and 11757’E) over two separate three-month experiments (4th 
February to 19th April and 27th May to 2nd August 2019). Sheep entered the facility with an 
approximate weight of 64.2kg and were acclimated to the facility over a ten-day period and 
offered 100% of maintenance energy requirements according to the Feeding Standards for 
Australian livestock: Ruminants (Corbett et al., 1990). Following acclimation, sheep were 
allocated to one of ten blocks with each block balanced for sire, birth type, rear type, condition 
score (CS) and liveweight and then randomly allocated into individual pens within blocks 
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There were two feeding phases; for the first 35 days (feeding phase 1) of the experiment, sheep 
were fed at 100% maintenance and for the following 35 days (feeding phase 2) sheep were 
randomly allocated to receive feed ad libitum  (n = 159) or at 60% maintenance (n = 161). Each 
experiment received a custom mix diet consisting of 50% oaten and 50% Lucerne chaff (Table 
3.2). All refusals were measured daily prior to animals receiving their daily allocation.  
 
Table 3.1: The total amount of progeny per sire that were allocated to the Ad libitim and 60% maintenance 
diets during the differential feeding period (feeding period two) 
 
 
 
 
 
 
 
 
Sire Feeding Period Two 
60% Maintenance           Ad Libitum 
1 9 9 
2 13 12 
3 13 13 
4 14 14 
5 8 8 
6 15 15 
7 9 9 
8 9 9 
9 10 10 
10 12 12 
11 11 11 
12 7 8 
13 14 14 
14 9 8 
15 8 7 
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3.2 Liveweight  
 
For all measurement’s sheep were removed from their individual pens in five groups; groups 
were formed based on the structure of the feed shed and comprised of approximately two blocks 
per group ( one or two individuals; figure 3.1). Live weight measurements were collected 
three times per week using the Tru-Test XR5000. 
 
 
Figure 3.1: Schematic diagram of individual feed pen layout within animal shed at Katanning 
Research Facility, where each row represents the groups (n = 5) and each colour represents a block 
(n = 10).  
 
 
 
 
Table 3.2. Chemical composition of custom mixed diet offered to wethers in each experiment 
  
Experiment 1 
 
Experiment 2 
Dry Matter (%) 89.1 87.6 
Moisture (%) 10.9 12.4 
Crude Protein (% of dry matter) 11.6 13.0 
Acid Detergent Fibre (% of dry matter) 30.2 29.1 
Neutral Detergent Fibre (% of dry matter) 49.3 52.8 
Digestibility (DMD) (% of dry matter) 60.3 63.5 
Digestibility (DOMD) (% of dry matter) 57.9 60.6 
Metabolizable Energy (MJ/kg DM) 8.8 9.3 
Water Soluble Carbohydrates (% of dry 
matter) 
- 11.1 
Fat (% of dry matter) 3.9 3.1 
Ash (% of dry matter) 9.2 2.6 
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3.3 Temperament Assessment 
Temperament measures were taken everyone one to two weeks during feeding phase two by 
measuring the avoidance behaviours exhibited by sheep, measured by a combination of exit 
score developed by Vetters et al. (2013), chute score, as described by Grandin (1993) and order 
score. The exit score was taken when sheep were released from the weigh crate and is a 
measurement of gait based on the following scale; 1 = walk; 2 = trot; 3 = canter; and 4 = run 
(Vetters et al., 2013). This scale was developed by Vetters et al. (2013) as a modification of a 
previous study by Lanier and Grandin (2002). Vetters et al. (2013) removed jump from this 
scale as they determined that whilst the jump increases flight score initially, it decreases the 
flight score at greater velocities, which places the jump between a trot and a run. The jump was 
recorded as its own variable (where 1 = jump and 0 = no jump) and the exit score measurement 
was expanded to include canter as a measurement (1 = walk, 2 = trot, 3 = canter and 4 = run) 
to avoid middle group bias. The distinction between a level 3 (canter) and level 4 (run) exit 
score was determined by the footfall pattern of the sheep where level 3 presented as a 3-beat 
gait and level 4 presented as a 4-beat gait. Chute score was assessed visually whilst the sheep 
were confined in the weigh crate using a five-point ordinal scale (Table 3.3). Order score was 
taken each measurement point (three times per week) and was a measure of the order in which 
the sheep entered the weigh crate. 
 
 
 
Table 3.3: Ordinal scale of assessing chute score in sheep (Grandin et al., 1993) 
Score Behaviours expressed in chute 
1 Calm, no movement 
2 Restless, shifting 
3 Squirming, occasionally shaking of the chute 
4 Continuous and vigorous movement and shaking of the chute 
5 Rearing and twisting of the body, or violent struggling 
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3.4 Statistical Analysis 
Residual liveweight change was calculated within diet for both the restricted and ad libitum 
diets and residual feed intake was calculated for those receiving ad libitum feed only.  
General mixed linear models were generated in SAS (SAS, 2002) using liveweight, fasting 
liveweight change and intake (metabolizable energy - ME). Dam source, birth type rear type, 
block and experiment were included as random terms. The residual values from the models 
represent efficiency (difference from the cohort means). When ME is the dependent variable 
the residual values represent RFI and sheep with a lower or more negative value are more 
efficient, requiring less feed per kilogram of growth. When liveweight change is the dependent 
variable the residual values represent RLWC. Sheep with a higher or more positive value are 
more efficient, gaining more weight at similar intakes. 
A repeated measures ANOVA in SAS (SAS, 2002) was used to analyse temperament trait 
mean scores over time. The once weekly values for exit and chute score were used for the 
analysis. The thrice weekly scores for order were used to generate a single value to represent 
the weekly average order. Individual models using each temperament trait as a dependent 
variable were fitted. Sire and week were used as fixed effects. Dam source, birth type rear type 
(BTRT), row and experiment were included as random terms. Week was included in the model 
as a repeated term. Interaction terms between the fixed effects were included and, if not 
statistically significant (p < 0.05), they were removed from the model in a stepwise fashion.  
To analyse the relationship between temperament traits and feed efficiency traits a single value 
for each temperament trait was generated. This was done by calculating the average value per 
trait from all recorded values available. Once the new value was generated chute score, exit 
score and order, and exit score were analysed as dependent variables using a general mixed 
linear model in SAS (SAS, 2002). For each trait, sire was used as a fixed effect and row, dam, 
birth type rear type and experiment were used as random effects. Once the fixed effect model 
was established the following covariates were included in separate models; RFI, RLWC, ME, 
and liveweight. Interactions between the fixed effects and covariates were included and, if not 
statistically significant (p > 0.05), they were removed from the model in a stepwise fashion. 
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4. Results 
 
4.1 Starting liveweight, liveweight change and intake 
There was an effect of sire on the starting liveweight of wethers (p < 0.05) at the start of the 
differential feeding period (day 36) the average liveweight of wethers was 60.1kg ( 1.42kg). 
The range of the average liveweight of the progeny from different sires is presented in Table 
4.1. There was an effect of sire on the metabolizable energy (ME) of wethers fed the ad libitum 
diet (p < 0.01). There was a total difference in intake of 4.21 MJ ME/day between sires, the 
average ME of progeny for each sire is presented in Table 4.1. 
 
4.2 Feed efficiency traits 
There was no effect of sire on RLWC for wethers on the restricted diet (table 4.1). However, 
there was an effect of sire on RLWC for those receiving the ad libitum diet (p < 0.05). There 
was a total range in RLWC of 80g/day and the average RLWC for progeny on the ad libitum 
diet for each sire is presented in Table 4.1. RFI for sire ranged between -1.35 MJ ME/day and 
0.84 MJ ME/day, therefore the sires that were least efficient were consuming 2.2 MJ ME/day 
more than the most efficient sires for the same liveweight and rate of liveweight gain (p > 0.05). 
 
4.3 Temperament traits 
 
Order score 
There was no sire by diet interaction effect on order. There was an effect of diet on order (p < 
0.05), wethers receiving the ad libitum diet had an order rank of 17.1 (± 1.29) compared to 
wethers on the restricted diet who had an order rank of 15.6 (± 1.29). There was also an effect 
of sire (p <0.05), order values for each sire are displayed in Table 4.2. Order did not differ 
across weeks (p > 0.05). There was a negative relationship between liveweight change and 
order rank (p < 0.05). When liveweight change is predicted to be -20g/day sires have an 
estimated order rank of 19.5 and when at a predicted liveweight change of 200g/day sires than 
an estimated order rank of 14.8. There was no effect of start liveweight on order. There was a 
negative relationship between ME intake and order rank; as ME intake increased the order rank 
decreased (p <0.05). When intake was at 3MJ ME/day wethers had an order rank of 
approximately 20 and when intake was at 20MJ ME/day wethers had an order ranking of 
approximately 12. The effect of sire on entry order (p < 0.05) was not consistent across different  
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Sire  Starting Liveweight (kg) Liveweight  Intake (MJ ME/day) Intake (MJ ME/day) RLWC (g/day) RLWC (g/day) RFI (MJ ME/day) 
  change (g/day) 60% Maintenance diet Ad libitum diet 60% Maintenance diet Ad libitum diet Ad libitum diet 
1 55.7 ± 1.27 78.6 ± 16.60 4.8 ± 0.14 16.3 ± 0.76 -20 ± 20 30 ± 20 -0.31 ± 0.63 
2 58.5 ± 1.08 70.4 ± 14.15 4.9 ± 0.11 17.3 ± 0.67 0 ± 10 10 ± 20 0 ± 0.56 
3 63.9 ± 1.06 82.9 ± 13.89 5.3 ± 0.11 18.3 ± 0.65 -10 ± 10 40 ± 20 -0.26 ± 0.54 
4 62.9 ± 1.02 54.5 ± 13.40 5.2 ± 0.11 18.3 ± 0.62 20 ± 10 -40 ± 20 0.79 ± 0.52 
5 64.2 ± 1.35 92.9 ± 17.58 5.1 ± 0.14 19.5 ± 0.80 20 ± 20 20 ± 20 0.84 ± 0.66 
6 58.8 ± 0.99 69.9 ± 12.96 4.9 ± 0.11 17.5 ± 0.61 20 ± 10 0 ± 20 0.22 ± 0.51 
7 60.7 ± 1.27 76.9 ± 16.60 4.9 ± 0.14 17.7 ± 0.76 10 ± 20 0 ± 20 0.16 ± 0.63 
8 57.9 ± 1.27 66.7 ± 16.60 4.9 ± 0.14 15.4 ± 0.76 -10 ± 20 30 ± 20 -1.35 ± 0.63 
9 62.6 ± 1.21 68.7 ± 15.77 5.2 ± 0.13 17.2 ± 0.72 10 ± 20 20 ± 20 -0.79 ± 0.6 
10 59.5 ± 1.1 33.9 ± 14.43 5.2 ± 0.12 17.0 ± 0.67 -30 ± 20 -40 ± 20 0.38 ± 0.6 
11 58.7 ± 1.15 65.6 ± 15.05 5.0 ± 0.12 16.4 ± 0.69 10 ± 20 0 ± 20 -0.33 ± 0.57 
12 62.4 ± 1.39 69.4 ± 18.15 5.2 ± 0.15 16.7 ± 0.79 20 ± 20 0 ± 20 -1.04 ± 0.66 
13 56.7 ± 1.02 50.5 ± 13.40 4.8 ± 0.11 15.3 ± 0.62 20 ± 10 -40 ± 20 -0.65 ± 0.52 
14 60.2 ± 1.31 77.6 ± 17.07 5.2 ± 0.14 17.7 ± 0.8 -10 ± 20 20 ± 20 0.24 ± 0.66 
15 59.2 ± 1.39 35.4 ± 18.15 4.9 ± 0.14 16.9 ± 0.85 -30 ± 20 -20 ± 20 0.21 ± 0.7 
p-value p < 0.01 n.s. * p < 0.01 n.s. P < 0.05 n.s. 
*, Intake value for progeny receiving the 60% maintenance diet was generated from the fasting liveweight measurement and controlled during the differential feeding  
period 
n.s., not significant 
 
Table 4.1. Mean ( standard error) of sire averages based on data collected from progeny during the differential feeding period across two experimental 
periods for starting liveweight, liveweight change, metabolizable energy intake (Intake), residual liveweight change (RLWC) and residual feed intake (RFI) 
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levels of feed efficiency. As feed efficiency increased by 1MJ sire 12 (efficient sire) entered 
the weigh crate 2.43 places later and sire 14 (inefficient sire) entered the weigh crate 3.76 places 
earlier. 
 
Chute score 
There was no sire by diet interaction effect on chute score, nor was there an effect of sire on 
chute score (Table 4.2). There was an effect of diet on chute score (p < 0.05) wethers on the 
restricted diet had a chute score of 2.33 (± 0.12) and those who received the ad libitum had a 
chute of 2.16 (± 0.12), (p < 0.05). Chute score differed between weeks (p < 0.05) but there was 
no consistent change during the experimental period. The highest chute score for any given 
week was 2.39 ± 0.12 and the lowest chute score was 2.15 ± 0.12. There was no effect of 
liveweight, liveweight change, intake, RFI or RLWC on chute score. 
 
 
 
 
Sire  Order Rank Chute Score Exit Score 
1 16.1 ± 2.02 1.9 ± 0.21 3.2 ± 0.15 
2 14.9 ± 2.10 2.1 ± 0.18 2.8 ± 0.16 
3 13.1 ± 1.75 1.9 ± 0.22 2.9 ± 0.13 
4 10.6 ± 1.73 2.1 ±0.17 2.7 ± 0.13 
5 17.8 ± 1.80 2.3 ± 0.22 2.9 ± 0.13 
6 13.2 ± 1.92 2.4 ± 0.17 3.1 ± 0.14 
7 21.1 ± 2.00 2.4 ± 0.21 2.8 ± 0.15 
8 17.1 ± 1.86 2.1 ± 0.20 3.0 ± 0.14 
9 20.3 ± 1.71 2.3 ± 0.19 3.1 ± 0.13 
10 12.9 ± 1.79 2.3 ± 0.18 3.3 ± 0.13 
11 19.4 ± 1.99 2.4 ± 0.19 2.9 ± 0.15 
12 16.3 ± 1.79 2.7 ± 0.18 3.0 ± 0.13 
13 19.8 ± 2.12 2.2 ± 0.20 2.9 ± 0.16 
14 19.2 ± 2.02 2.1 ± 0.18 3.1 ± 0.16 
15 13.6 ± 1.98 2.3 ± 0.20 2.7 ± 0.15 
 p < 0.05 n.s. p < 0.05 
      n.s., not significant 
 
 
Table 4.2: Mean ( standard error) of sire averages of temperament trait measurements collected 
from progeny during the differential feeding period 
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Exit score 
There was no sire by diet interaction effect on exit score but there was an effect of sire (p < 
0.05). There was also a sire by RFI interaction effect (p < 0.05). There was an effect of diet (p 
< 0.001) wethers on the restricted diet had an exit score of 2.8 (± 0.09) and those given ad 
libitum access had an exit score of 3.1 (± 0.09).  The exit score differed between weeks (p < 
0.001), the highest exit score for a given week was 3.2 (± 0.09) and the lowest was 2.8 (± 0.09)  
There was an effect of starting liveweight on exit score (p < 0.05). Wethers that began the 
differential feeding period at 50kg had an exit score of 3.11 and those that had a starting 
liveweight of 65kg had an average exit score of 2.91, so there was a 0.2 difference in exit score 
for every 15kg of liveweight.  At a predicted liveweight change of 100g/day sires had an exit 
score of 3 and for a predicted liveweight change of 300g/day sires had an exit score of 3.2 (p 
< 0.05). There was no effect of intake on exit score. Residual liveweight change had a 
significant effect on exit score (p < 0.05). Wethers that had a residual liveweight loss of -
50g/day had an exit score of 2.89 and those that gained 50g/day had an exit score of 3.0 (Figure 
4.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Discussion 
Figure 4.1: Residuals for liveweight change calculated from the base models and its 
relationship with the calculated average exit score. The solid line represents predicted 
exit score value based on residual liveweight change. The dotted lines represent  
standard error. 
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Sires that had progeny with a higher RLWC (more efficient) were less docile than sires with 
progeny that had a lower RLWC and there was no significant effect of sire on RFI as a measure 
of feed efficiency. Neither finding supports our hypothesis that more feed efficient animals will 
be more docile. The lack of relationship between RFI and any measures of temperament and 
the presence of a relationship between RLWC and exit score suggests that temperament does 
not influence the amount of energy a wether consumes at any given time but may have impact 
on how energy is utilised once it has been consumed. By this logic, body composition may be 
of import to the relationship between temperament and feed efficiency. This is supported by 
Arthur and Herd (2011) and Richardson and Herd (2004) who reported that body composition 
and activity explained 73% of the variation in RFI as a measure of feed efficiency. The model 
used to calculate RLWC in our experiment did not account for body composition therefore, 
there is no definitive way to conclude how body composition impacts this relationship. 
However, a study by Black et al. (2016) reported a similar relationship between temperament 
and efficiency; sheep that were divergently selected for having a Calm temperament exhibited 
greater rates of energy expenditure. This increase in expenditure was attributed to the fat layer 
of the sheep. This suggests that a possible mechanism that could explain why more docile 
wethers were less feed efficient in this experiment is the partitioning of fat. Blumer et al. (2016) 
reported that RFI in adults was related to fat but there was still significant variation in RFI no 
matter the level of fat, indicating other factors involved, one of which could be temperament. 
The Black et al. (2016) study found that the calmer sheep had a greater rate of energy 
expenditure due to fat tissue accretion providing insulation, this can prevent heat loss leading 
to energy being lost to heat production (Henry et al., 2010). This relationship between 
temperament and fat is supported by Llonch et al. (2016) who reported that calmer cattle had 
a thicker fat depth at slaughter. Archer et al. (1999) reported that fatter animals have lower 
maintenance requirements, because fat is energetically cheaper to produce and maintain 
compared to lean tissue. Blumer et al. (2016) reported that ewes that had a higher percentage 
of fat were more feed efficient because during times of feed deficit they could draw on those 
reserves as opposed to needing to consume more feed, however this study was conducted using 
RFI as a measure of feed efficiency and contradicts the above reasoning that more fat results 
in less feed efficient sheep. One possible explanation is that both the described mechanisms of 
fat and feed efficiency exist in an individual at the same time, however one may be stronger 
than the other i.e. sheep that have more fat may be less feed efficient due to losing energy as 
heat however this energetic cost may be negligible, particularly in comparison to the benefit of 
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having more fat stores to draw form in times of feed deficit. It should be noted that these studies 
all focus on using RFI a measure of feed efficiency and not RLWC, further research into the 
relationship between RLWC and body composition is required before being able to draw any 
conclusion regarding this relationship.  
 
The effect of sire on RLWC and lack of effect of sire on RFI, suggests that the correlation 
between RLWC and RFI may not be very strong. This is supported by Blumer et al. (2016) 
who reported a lack of correlation between the modelled RFI and RLWC. This is unexpected 
given that the same three traits are used in the model. Koch et al. (1963) attributes this lack of 
correlation to a large variation in the efficiency values. The conditions under which sheep are 
produced in Australia can often be challenging, feed availability and quality fluctuate 
throughout the year and supplemental feeding is expensive (Amdi et al., 2010). It is for this 
reason that, when feed supply is limited, the individual feed intake of a sheep is restricted, 
therefore it is advantageous to have sheep that will gain more weight than others when utilising 
the available feed on offer. By this logic, using RLWC as a measure of feed efficiency is more 
appropriate than using RFI because RFI reflects the different levels of intake required for the 
same level of weight gain whilst RLWC reflects the different level of weight gain for the same 
level of intake. Our results demonstrate that the amount of liveweight gained at the same level 
of intake differed between sire groups when wethers had ad libitum access to feed, however 
this relationship was not observed when intake was restricted. This suggests that RLWC may 
not be expressed during times of feed deficit but can be utilised to select for sheep that are more 
efficient under less extreme conditions. This is less desirable than having RLWC be of benefit 
during times of stress, however it suggests the possibility that sheep can be selected to have 
greater liveweight gain during times of feed availability which can then act as a buffer during 
times of feed deficit. 
 
There was an effect of sire on exit score but no effect of sire on chute score, suggesting that 
the traits are not well correlated. In a study on horses, it was concluded that temperament traits 
need to be assessed individually as they can represent different aspects of an animals’ 
temperament and as such should be treated as independent measures (Kozak et al., 2018). We 
found that chute score was not related to feed efficiency but exit score was. Whilst our study 
did not investigate production traits the combination of our results and the findings reported by 
Black et al. (2016) could suggest that exit score reflects temperament traits that are better 
associated with feed efficiency and chute score reflects temperament traits that are better 
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associated with production traits. There was a significant effect of diet on both chute and exit 
score, however the relationships observed were contradictory. Wethers that had their feed 
restricted displayed more agitated behaviours whilst confined to the chute indicating restricting 
feed results in less docile sheep, however their speed whilst exiting was lower indicating more 
docile animals. It is unclear as to why these conflicting results have been observed., it could be 
an inherent flaw in using a subjective measurement however this conflict has not been 
consistent throughout the experiment. In a study regarding fear Boissy et al. (2005) suggested 
that behavioural patterns can vary depending on the characteristic of the threat and therefore 
can be contradictory within themselves, this could explain the conflicting results in that being 
confined and then being presented with an escape route can elicit different responses and 
therefore may not be an accurate representation of docility at that point in time. Wethers that 
had a higher starting liveweight compared to others were more docile (had a lower exit score). 
This might also explain the conflicting results regarding diet, wethers that had a higher start 
weight before being placed on the restricted diet may be calmer, as they may not have achieved 
a greater loss of weight as to impact on their body reserves in an extreme manner compared to 
those who started the experiment with a lighter weight; a better way to assess his relationship 
would be to use compare starting condition score on temperament. 
 
Some sires in the experiment had progeny that entered the weigh crate sooner than other 
progeny from other sires. This relationship could be an indicator of social dominance and/or 
behavioural hierarchies of sheep within their groups. Dominance hierarchies do have an effect 
on sheep behaviour, particularly when competing for resources, such as feed (Gougoulis et al., 
2010). Individuals that were receiving a restricted diet were more likely to enter the weigh crate 
ahead of those who received feed ad libitum. Feeding time was consistent throughout the 
experiment, directly after the wethers were weighed, therefore it is feasible that the restricted 
wethers began to anticipate the routine and “pushed in-line” to move through the weigh crate 
quicker so as to receive their feed quicker. This is supported by Henry et al. (2010) who 
demonstrated that an anticipatory response can be developed in animals that were being fasted 
after they had been exposed to routine feeding. This suggests that when feed may be limited 
more dominant sheep may perform better as they ensure they get access to the feed that is 
available. There was an effect of efficiency on order score, as efficiency increased efficient and 
inefficient sires responded differently. Further investigation into this relationship is required as 
it is beyond the scope of this experiment. 
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6. Conclusion 
There was an effect of sire on exit score, but there was no effect of sire on chute score, 
suggesting that temperament traits represented by exit score can be included into a genetic 
selection program. There were sire differences in feed efficiency when measured as RLWC, 
therefore suggesting there is potential to include RLWC in a genetic selection program. There 
was no sire effect on RFI in this experiment. Of all the possible interactions between 
temperament and feed efficiency, there was a significant relationship between exit score and 
RLWC. The relationship between these two traits were not what was expected, this study 
hypothesis that more docile wethers will have an improved feed efficiency however the 
opposite was shown to be true; less docile wethers were more feed efficient. Further research, 
incorporating body composition traits is recommended to further explore this relationship.  
Understanding the underlying mechanisms that contribute to the variation in feed efficiency 
traits will allow producers to make more informed selected decisions when incorporating feed 
efficiency traits into a genetic selection program. 
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